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^£^1 4i;^>Sl tiflAl uj-i^ofl ^ o.^, cfpf^ 

Ji, -g-^-no] ^11^^^ ^7] ^^lo]] ^o]s\^ ^J-^*>Jl, ^flol^lofl ^(-) ;d 

'y7RV ^VEfloflA-l cfpfAl 5)]^o] ^l]o^^ nfl^y^i zjLe:]^ £^§>o^ 

^(-) <y=(+) ^^o.s ^^*H -§-^<^l^i <atiH] ^s] 

^9^^^ s.^^] nfl^'M 7]n^ <^v>} tf^v^o 

7l7^1^ <anl- ^^^ollAi C^Xj ^.^J-ol^. yj-^] ^ ^ oj^o^ , ^«|-^ 7];^]^ 



IE. 3 

Hfl^, ^S] ^7] o^u}^ 71^1^ 
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^sl tifl^ ^cJ-i^ {Method of forming a copper wiring in a 

semiconductor device} 

:£ 2^ ^2fl ^1 2 iE^^^ ^-§-*m ^^^] ^^}^ wfl^ 

S. 3a 3c^ ^ ^7] ^-g-^V^ ^i^^l 4i;^>^ 

^el tifl'id IJ-^* ^^*>7l ^tt ^^>sl 

10, 20, 30: 7]^ 11, 21, 31: f^:^ ^<a5V 

12, 22, 32: t^x^yx] jifl^ 13^ 23, 33: uflElol ufl^^ 

14, 24. 34: -^sl 15, 25, 35: ^elf^ 

350: ^el Bfl^ 
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^ 4i^>^ ^e) wfl^ «j-^<Hl ^t!- ^^S., ^«}-:^ 7l;^l^ 

^i^XCMP) ^^^S. -^e^^^ ^^HH ^-^>^ sfl^cHl ufl^Jd^ tifl^i 
^ a^<Hl ^^^Ji^fe tz^^i (dishing) (erosion) -^^^ ^ 



tij-^^] ^<^o] ^cflfl-a. 3ls.(Ultra Large Scale Integration; 
ULSDS. ^7^7}^^^ ^1 -2. 1^1 Hsl (geometry) 71- H:«--^>^-t^>o13.S 

(sub-half-micron) ^ ^SlS. ^^<Hl>H 

'i£(circuit density)^ ^7Mji 9X^. o]^]^ ^^ofl -^-^^H , tiVs.;^] ^;^].o^ 

(electro-migration; EM)<^1 tfltt ^-l-^*^] ^H^i ^3E.^1 ±7}-^ ^^^^]^ 

. «1^^*J-<^1 ^<^> ^^^^ ^7>Al^ ^ 2|S.( integration circuit)oll 

-n-S-tb ^^^<?1^ ^]lS(interconnection material)^ A>-g-s)j7 ^cf. 

^^1]. ^>-§-<^l 71-^ 1^11^ #B^7l^v^2|-(PVD)'^/e1#S-f 
(reflow). ^«l-7l^^^'^(CVD), ^7] £^(Electroplating)i^ , ^^7] S.^ 
(Electroless-plating)'^ ^o] $Xo_,^, o] ^6\]X] -^s.^^ IJ"^^ ^fl^ ^^^^1 

51^ <=>^S.^ ^7] iE^^^oz}- 2l-«}-7l^^^i-^o]c).. 
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<i2> tifl^^ ^B^» ^fl-g-^V^^i, ^^}^ «fl^ ^> 

<H1 ^^^^1^1^ cfp>Ai 7]^o] ^-g-£|Jl t:1-^>>y n^o] ^^^^^ ^o|Bi- 

^1^ *?!^>(CMP) "E-^^S. ^i^>*H <^1:^*>^ wfl^^ ^s](isolation)^mtq.. 



<14> £ 1^ ^2fl ^1 1 ^Ajo^loll XX^E} 5.^^^ ^-§-^>^ MIH^I ^^}^ T^S] Hfl^ 

<15> 71^(10) ^<^1 ^^^(11)* ^^J^>^. ^^\^ 7]^S.S. ^"?!^(11)<H1 

<16> 4^oj cfnl-A] 2flBi(i2)-g- ^^^(11)^ tcj-E^- vi^^o] v\] 

1:#(13) ^ ^1^#(14)# ^^V^ wflBlol nil^#(13)^ 

ionized PVD TiN, CVD TiN, MOCVD TiN, ionized PVD Ta, ionized PVD TaN, CVD Ta, CVD 
TaN, CVD WN ^ ^l^S. ^^^^c^-. ^1^#(14)^ <^^] 7>^1 ^^^^S. ^^^^ 

^ 9X^^. ionized PVD ^^"^^ ^S. ^-g-*H ^^^tb^^. 

<i7> ^ ^ si eflolBlC accelerator) ^ (suppressor) 27>;^1 -R-711- ^7^171- 

^7]-^ ^E] £^ ^^o] ^1)^4^ :£^(electroplating) ^^^<=>\] ^e) a]:e.^(14)o] 
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^]]<=>]^m ^^j^>^. n^]3i\<^] ^(-) ^^>^ ^a^c 12)01 

<i8> oi^, 7]:^]^ <^^} ^^^(id^ s^^i ii^s]^ ^ 

^Blf^ds). AlH.#(i4) ^ tiflBl«^ ^11:#(13)^ ^^H^.^ ^^>^H 

<19> >g-7l*V ^2fl ^1 1 ^Al<^l^ 4^>^ Sflli(12)^ ^c^^^VtII ^11^71 ^t}o^, ^4.^]^ 

olB] (accelerator) ^ H 2^1 (suppressor) 27}:^] -H-7l# :i7Hll- S.^ 

^fe ^^-^S, £ 1<^1 £Al^ ti>fil- ^o], cl.p>Ai 3zl)^(i2)ol s^^Ml ^^^^ 

(bumping) ^^o] t:1-€- M.t]- ^^^(15)^ ^^]7} ol^^-o.^ 

S^<^1 ^^(dishing) ^-^om ^^(erosion) ^^^1 ^^^^s]^ ^;^l7> SX^. 
<20> £ 2^ #efl ^1 2 ^Al.^l<^l xt|-e)- ^7l ^-§-*>^ ^£^1 ^^>^ ^s] nfl^ 

^^1^^ «M^>7l «J-o>^ ^]X\^}JL 9X^. 

<2i> ;^fl 2 ^Ajc^iofl 4= ^e) tiflAj 1^^^ A^y]^ ^] 1 ^Aic^H ^e] 

cfl:^^ -^'a*>7l nfl^ofl ^Afl^ ^JL, 1 ^A]<ms>}- Cf^ ^ 

^^*l-7lS. £ 2<^lAi. ^l^l^S 20^ 7l:&olJl, ^1^]-^^ 21^ f^^d: ^"il 
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^S. 24^ ^e] Alj^^ojji, ^lAl-a^ 25^ 

<22> ;H] 2 -^^10^16)1^1^ 1 ^Alo|]5q. , ^^&| eflojE-l (accelerator) ^ -HHell^H 
(suppressor) e^-^ 27^ -^7l# ^7Hl7> ^7]-^ £^ -g-^«>ll efl'ial (leveler) e1- 
^ ^1 3^ ^7]-^l# t-1 ^7>*H ^7l £^ ^*S?]r^^. efl'iBlel-^ ^1 3^ 

^7H1» ^7l-^oll ^n, S. 2<H1 w>sq- ^o], v\^}x\ 3fl^(22)ol S^*>7fl 

^^<H1 (bumping) ^^o] >i] i ^Alo^lj^tq. ^ <^^^^-c]-. 

<23> olfif :^ol, ^1 2 -M^l'^l'Hl ^tl: ^J-^*^! ^1 1 ^^1<^1<^1 ^t!: «<3-^:a.c1- ^^o] 

^ cfp>A] 3fl^(22)ol ^^^>7ll ^^^£1^1 ol^o,^ ^ 

^711 71^1^ o^n> ^^ofl ^TllSlJI, C^^o] -^7ll- ^7^1 

^ 4'7> ^7>;^1S] ^o] ^o}7^ afl^ ifloil ^7] ^<iJ€ €-^l7> 

<24> ^ 7l;Nl^ ^t'XCMP) ^^-2.3. i^elf-^ ^^>*H ^^>^ 

^^oil tiflAi^ ^A^^ nfl, HflAio^ ^igoii ^^S^)^ i^^Kdishing) ^-^^ 
o]x^ ^^(erosion) «J-^1*><>^ T^el tifl^^ ^7]^ ^'S'^^l^lJi, ^;^>fi1 ^ 

^^^■^ ^ 51^ 4i;^>^ tifl^ ::! ^ 
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^^^o]] cful-Ai jjflBiol ^A^^ y]^o] ^]^^^ ^^]; ^7] rfp>^ 
^^1; -^7] AlJ^f^ol ^y] rfPl-Ai 3|)^ol ^^^1 ^fl^:) 

^E] ^71 £^ ^^^d\] ^B^f^^ ^^^^m ^^1; ^Bl ^7] <aT^> ^^j-^S. 

^^^*>^ ^^1; ^ ^7] c^in>^ ^Bl#, >a-7l ^B] ^l^f^ ^ ^^-71 ^B] tiflclol i^fl^^ 

# ^7] ^L'^o] afl^V^l 7l;^l^ <?ip> ^^i^S. <^^}^} 

^ ^7l rq-T.>Ai Iflofl Hfl^^ ^^^^1-^ 5L^s:><:>^ ^^l^o^^]^ m^i 

^9^^^] ^^}^ jrflElo] ^Aj^ 7l:^o] cf;^] ; ^Vy] cfuj-A] sflEi^ ^y] 

^K} ^'^n^ K^4r ^Bl aflB^o^ Dfl^f. ^ ^:^>^ ^^^^^^ 

^^1: ^71 ^Bl Al^f^o] ^A^^ >^7l CfpV^ ^^O] ^^^1 ^|]cq^];£S.^ ^7] ;£ 

^ ^^^1 ^B^f^^ ^^^^m ^^1; ^Bl ^7l «?!t:'> ^^^^S ^Bl tiflelo^ pj] 

nfl^7>^l >^7l ^B^# ^ ^B| = <ai^>^>i, ^^]-<^ >a-7l t\.x^} 

^ iflofl yfl^o] ^ >a-7l ^7] ^ 

K'S.'^] ^77}:^] 7l7jlaj c£p> ^^o.^ ^i^l-^>^ 
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1020020040462 ^^ o^t]-: 2003/4/17 

^>Hl*>7ll ^^t!:^-. ^ ^1^^ <il«H^i 7flAl£|^ ^Al«^l«^l tb^sl^ ^o] 

oVu|e} Cf^ t:f<y:^V ^H)]^ ^o]x^^ ^^^] ^ ^Al^^l^ ^ ^tgo^ 7flA]7> 

-^^1-^ ^1^* 7}^ :^}6\]7]] ^^^}?\] *a:3^^7l ^tfl 



S. Sal- #S*>^, 71:^(30) ^<H1 #^ ^^^*>31, cf^V^y 7l^o.^ 

#^ ^^^K3l)^l ^£7> cf^ cl-^^ cl-TiVAi 311^(32)^ ^^^^t^. xq.^^ ^^}^ n 
li(32)* S.^^ ^<a^(31)^ K^-^ 1451- T^Bl Hfls^oi oil^^(33) ^ = 
#(34)^ ^^mo^S. m^^^t\-, Al:=^(34)ol ^A^^ t\.^^ T^^ix] i(l^(32)ol ^ 

4^7]<H]A-l, Hfls^o^ ^1^^(33)^ ionized PVD TiN, CVD TiN. MOCVD TiN, 

ionized PVD Ta, ionized PVD TaN, CVD Ta, CVD TaN, CVD WN ^ ^}^S. ^^^t!:^. 

^1^^(34)^ c^^^ 7}^] ^Jr^o^s. ^^^^ ^ oXJO^J^^ ionized PVD ^S. ^ 

-g-srVo^ ^A^fVcf. ^5^#(35)^ -^^sl 511 (accelerator) ^ -^^efl^i (suppressor 
^ 27V^1 -^711: ^7Ml7> ^7>^ £^ -g-oflo] ^1]^^^ £^(electroplat ing) 

^^lofl Alc^(34)ol ^A^^ ^41<^l3il# ^«a*>jl, ^^|ols]oil ^^7> 1 vfl^l 5A^ # 
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(-) 9l7}^ ^EfloilAi cfTuVAi Bfl^(32)ol ^^^1 ^]]^^^ 5000 ^fl^l 15000 

El-73i(target)^^ £-^s:H tb^, ^-fei eflolE^ (accelerator) , 

>«lHeflA-l (suppressor) ^ efl'ts] ( level er)Hl-^ 37}^] -^7]^ ^7^7} ^7}^ ^e] JE^ 
-i-oflo] ^1]^^^ ^.^(electroplating) ^^^]<=>\] ^e) Als.f'(34)ol ^-^^^ ^fl<^l3ill- 

^>^s>Jl, ^lol^loll ^=-7]. 1 xfl^] 5^0] ^(_) ol7|.^ ^BflollAi cfTn>Al 51)1^(32) 

^-S-^l ^^^}^] 5000 15000 A ^ B}73lo.s ^s)^ S.^*H n^e1#(35)* 

-£ 3b-l- %i-S5^>^, ^5] ^7] ^;<^ofl o^^fl ^e^^(35)o] -^^]^ 

7}^}^ #(-) <a:(+) ^^o_s. ^^X\^ ^7] 'gi^'Xelectropolishing)'^! 

^«fl n^2l#(35)ol o^u>£]:£S. ^].j7, o]^ oi^].c^ ^^^2] K^o] ^o]^ ^^ofl 

^7]c>\]X], ^7] <^Ti} ^^o. ^]ol5Jloll ^^7> 1 ifl^l 30A^ <a=(+) o]7}^ 
-a-Efl'^l^i £^ ^^1^ -^<a*>;^M- -a-^Vtb 5000 i^^l 15000A^ EfTj) (target )-^S. <^^}^} 
^i^fl. <y^(+) 9l7M s]^ ^7] no]^o:i ^^1^(35)5^ i 

^ ^^ofl nl-El- (potent ial)ol ^^^1 :?i7l <^X2} 

^^7} ^^^Cf BBVSTll s]ol ^flols] ^igoll ^Sl^(35)c»l 3g^*>7ll ^4. 

S. 3c# %i-2:^>^, s]rn^ 7]^]^ c^P> -g-^ o.^ f^;^ ^-^^^(31)^ K^o] 
Al^^7l-;^] 3§^^>ji ^e^^(35)^ ^1^^.(34) ^ afl^lc^ cfl^^ 

(33)^ AS <t^f>^l-<^ cf^sl cfi^l-Ai 3fl^(32) iflofl Hfl^i o. ^^^^4. 
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3£)iE^ 3:>ji, o]s. ol^H ^^5] rfp>^ 3ll^(32) i^ofl ^s] Hfl^(350) ole] 

^ ^7] <?lP> o^(+) ^^o] ^e^^(35)4 zp-e:] Hfl^o] cfll-^(33)<^l ^7>E|:£^ 

wl^><^ ^^^^1 ^71^1 ^A^^ ol-g-^>c^ (self-stopping) ^^o] 0^0] 

tlr vi}3^ ^E] 71^1^ o^P> ^s] <aT^> aflE^o] Bill-#(33) 



^^tb wl-fif ^<^1, ^ ^7l S^i^o.^ ^^^^ ^, ;5l7l 
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11 

^^B^-ofl rfuj-Al jffl^ol ^^^^ 7l:^ol cl-;^] ; 

^7] t]^T^}^ ^^^^ ttfel- vi^^o] d]]^^ 

^1-71 ^s] Ai^^oi ^^^^ ^V7] c]-Ti>Ai Bfl^oi ^«.^] ^fl^^^]i^^ £ 

^^^^ K^^] 71:^1^ ^^o.s ^n>^><3^ >a-7l tq.T7]. 

^ sfl^ uflofl afl^# ^>^^^>^ i^^H <^1^^^1^ ^^1-2.^ ^ 

£^1 ^^1-^ tifl^ yj-i^. 

[^^*^ 21 

■^7] HflB^o^ ^1^^^ ionized PVD TiN, CVD TiN. MOCVD TiN, ionized PVD 

Ta. ionized PVD TaN, CVD Ta, CVD TaN, CVD WN # <^h^ *>M-S. ^-^^*>^ ^^i-^S. 
^1-^ diT.}^ ^e] Hfl^ 
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3] 

^1 1 %H1 9X'=^^^. 

^7] ^1:^.^-^ ionized PVD iJ-'g-^S ^^^*>^ ^^i-^S *>fe aVS-^l ^ 
^J-"^. 



41 

^7] ^^5l5l]olEl ^ >5*|H^lA^e^-^ 27^ -^7ll- ^7Hl7> 

1- ^J-^§]-JL, ?flo]3ilo11 ^^7> 1 ifl^l 5A^ ^(-) ^7^1- Jl, CfnV^ Jlfl^'^l 

^] ^>^>^ Wj-i^. 



^71 ^71 ^^eleiloiEi. ^HH^Il^i ^ e^lte^e^-fe 37>^1 -0-7l# 

^fl<^l3Ji» ^J-^^>J1, ^flol^l^^l ^^7> 1 vfl;.] 5A<?I #(-) «?17>^>J1. ^V7l tq-p>>d 



20-13 



1020020040462 #^ 'U^}- 2003/4/17 

n'^<=>] ^^^1 ^11^^^ ^ s.^ '^^S ^^J^M ^^i^S 
^e) Hfl^ «o^^. 



^1 1 9X<^^^, 

^7] <^v} ^^j^ ^^i&jefloiE-l ^ MjHeflAiel-^ 27>;^1 -B-7]l- ^7l-;^l7> 

^7>^ ^e) £^ -g-^-»<Hl ^elf'ol ^^^^ ^fl«^l3sl7> ^^:|^ ^Bfl<^l^-1, ^^o]^^] ^^7} 
1 vfl^l 30A^ '?17MJL, ^7] ^Blf^ ^tl: '^^^ -^^> 

7] 

^1-71 ^71 ^^e1efl<^l^i, ^HellA^ ^ efl^e^sl-^ 371-^1 -^7l# 

<=H1 ^^7> 1 ifl^^l 30A«?1 <a=(+) ^7H>ji, ^e^f^ ^^^^ ^tt ^ 
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^^}^ ^^^^ 7l^ol ^711; 

>S-7l tq-T.>^ 5L^t!: ^7] ^^^^ 4^1- n^el 

^1-7] ^el aflejol v\]^^^ ^^7] ^1-^ S.^o] u^tp}^] s^^^ 

^7.}$^ tifl^ 

i^^^^ 91 

^7] aflelo^ ionized PVD TiN, CVD TiN, MOCVD TiN, ionized PVD 

Ta, ionized PVD TaN, CVD Ta, CVD TaN. CVD W ^ <^2=. ^>M-S. ^^^^V^ ^^^S. 
^£^1 ^^}^ HflAl 
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l^^^^ 10] 

^1 8 ^^^i, 

^7] T^sl ^l^^f^^ ionized PVD IJ-'^.^S. ^^^s^Vfe ^4: ^^^S. ai 

^>o^ yfl^ 

11] 

^V7l ^Sl ^71 <ai>a&|5flolEl ^ ^HSll^ie^-^ 27M -^71^ ^7H17> 

» ^I^l3ll<^] ^^7> 1 vfl^l 5A^ ^(-) ^7H>J1, ^T-7] CfnVAl sfl^ol 

%^^] ^ 9X^ S.^ ^^1^>^ ^^^S. ^S. 

^1 4i;^>fi] tifl^ 
12] 

^7] ^7l ^>ie^eflolBl, >^H5^1A-1 ^ ell'ielel-fe 37>:^1 ^7l# 

^7>;^]7l- :^7m ^S] £^ -8-^<^l ^K^^ ^71 £^ ^J-^lojl ^^-71 ^]^%-'=>] ^^^^ 

n<^]^M: ^1-°j§>:n.. no]^o]] ^^7} 1 tflx] 5A<y ^(-) <?17H>J1, ^71 Cfnl-A] 
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4€<^1 ^^^] ^ 9X^ Bl-Tji 1^^^ -M^^H ^^i^m ^^^S *]-^ 

^£^1 ^^>^ ^el tifl^ 
13] 

^1 8 9X'^^^, 

^7>^ -g-^flofl ^el#oi .^A^^ ^oi3E)7> ^^^^ ^BfloflA-i. ^7] ^ 

^7l ^e] Hi]s^<H Tifl^f^oii ^^7> 1 xfl^l 30A^ <y=(+) '?l7>*>ji. ^e) :S7l <a 

u>7> -^7] Wfle^o^ D)l^^o]la> oj:(+) ol7|.s)^ >^7l ^7] 

^e] tiflSlo^ nillrf^^ S-A^ofl >^7l :5i7l <ilP> ^^ol 

€ ^^'H ^^l^m ^£^1 4l>^>^ ^E) tifl-Jd 

[^J^^l- 141 

^1 8 ^^^] ^<>lAi, 

^7l ^7] <aT>> -^^^ ^^&|5ll<^lBi, 'Ml^eflA-^ ^ 2^1^5151-^ 37]-^l -^7l^ 

^ ^7l ^^o] i^l^#611 ^^7-|- 1 1^;^] 30AO1 + ) ^^o. 017].^].^^ 

^7l oSp>7> ^sS5)o^ >^V7l i^e^ VS^^O] ^^^c>\]uV oj:(+) ^^o] ol7>Sli3 ^7] 
^ ^e] tiflS^o^ r^m^o^ :^7] ^^^^o)] ^fl ^^7] ;5i7l c^n]- o] 
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^ nfl^l-^l ^^1^>^ o.^ «]-3E^l ^s:) Mfl-td hJ- 
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^ •a^]-: 2003/4/17 
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#^ ^^>: 2003/4/17 



IS. 3] 

(a) 





(c) 



350 34 

^33 





i 




i 




i 




i 




i 















-32 
-31 



—30 



20-20 



